The patterns of habitat use by the franciscana dolphins (Pontoporia blainvillei) along its distribution are poorly known. This study investigates the patterns of habitat use with respect to depth for 181 individuals of different age, size, gender and reproductive condition off Rio Grande do Sul, southern Brazil. The results reveal that franciscanas are very homogeneously distributed according to depth. Individuals from all lengths utilize nearly the entire range of depths of the surveyed area. Larger or older animals do not use deeper waters than younger animals, indicating that body size and age are not limiting factors for franciscanas that occupy deeper or offshore waters. Gestation seems to not cause a change in the distribution of females. Although the sex-ratio of the overall data did not vary from 1:1 in different depth intervals, a small-scale comparison between the northern and southern coast demonstrated the existence of some kind of sexual segregation. Franciscana by-catch in Rio Grande do Sul is not sustainable and it is agreed that management procedures are needed. Nevertheless, the available data on species distribution do not allow the designing of a protected area in order to minimize the by-catches of a particular sex/reproductive class.
I N T R O D U C T I O N
The franciscana, Pontoporia blainvillei, is a small dolphin endemic to shallow, coastal waters of tropical and temperate regions along the coasts of Brazil, Uruguay and Argentina (Crespo et al., 1998; Siciliano et al., 2002) . Although it has been considered to be a member of the so-called river dolphins, franciscanas are found mainly in coastal marine waters with occasional occurrences in estuaries, being relatively common on the La Plata River estuary (Praderi, 1986; Rodriguez et al., 2002) .
The preference for coastal waters makes the species vulnerable to the human activities. Incidental catches in fishing gears, especially gillnets and trammel nets, have been reported throughout its range, and the franciscana has been regarded as the most endangered small cetacean of the south-western Atlantic Ocean (Secchi et al., 2003a) . On the coast of Rio Grande do Sul, southern Brazil, this species has been experiencing an intense by-catch in gillnets for at least three decades Moreno et al., 1997; Secchi et al., 1997a; Ott et al., 2002) . The annual mortality of franciscanas in this region was estimated to be ranging from several hundreds up to around one thousand individuals (Secchi et al., 1997a Ott, 1998; Ott et al., 2002) . The estimated mortality rates outnumber the potential rate of population increase, suggesting that a population decline is likely due to persisting levels of human-induced mortality (Secchi, 2006) . For this reason, the population inhabiting the coast of Rio Grande do Sul and Uruguay (Franciscana Management Area III, see Secchi et al., 2003b) has been recently classified as Vulnerable by the IUCN Red List of Threatened Species (IUCN, 2008) .
Due to the species avoidance of engine-powered boats, its small size, its inconspicuous colour pattern, and small group size, sightings of franciscanas in the wild are very rare. The only locations where franciscanas have been sighted regularly are some bays in Argentina and southern Brazil (Bordino, 2002; Cremer & Simões-Lopes, 2005) . Presenting a very distinct situation of these localities, the Rio Grande do Sul coast is composed of almost continuous sandy beaches along 620 km, with no bay or inlet with protected waters. Although more than 150 surveys were made by experienced marine mammal researchers, onboard engine-powered fishing boats in this area to verify marine mammal-fishery interactions, no free-swimming franciscana were sighted. Surprisingly, levels of by-catch are high in the area (e.g. Ott et al., 2002) .
The patterns of habitat use by the franciscana are poorly known. Past studies of incidental catches along the southern portion of its range (Uruguay and southern Brazil) have indicated that the species is distributed mainly to a maximum depth of 30 m, which usually corresponds to a distance of about 25-30 nautical miles from the coast Moreno et al., 1997; Secchi et al., 1997a) . Two previous studies that analysed the franciscana by-catch locations have proposed the existence of some degree of spatial segregation by water depth for the species (Secchi et al., 1997b; Rosas et al., 2002) . However, little is still known how animals of different sexes, age, size or reproductive status are distributed within the species-range, or whether there is or not any sort of segregation among them. Such information is certainly essential to design a management plan for this vulnerable population.
This study was outlined to meet some of these shortcomings on the habitat use patterns of franciscanas. The hypothesis of a differential distribution in water depth is tested. Latitudinal variation to the northern and southern coast of Rio Grande do Sul, on the sex-ratio was also tested for incidentally caught franciscanas.
M A T E R I A L S A N D M E T H O D S

Sampling procedures
Biological and location data from 181 (107 males and 74 females) franciscanas incidentally caught by the coastal gillnetters operating off Rio Grande do Sul, southern Brazil were considered in this study. A portion of the fishing fleets operating from Tramandaí/Imbé (29858 0 S 50807 0 W) and Rio Grande (32808 0 S 52805 0 W) was monitored between 1993 and 1998 for the recovery of incidentally caught franciscanas. Onboard surveys were also conducted in order to optimize data sampling otherwise collected through logbooks provided to the fishermen.
Not all information could be collected for each of the franciscanas incidentally caught and, therefore, sample sizes varied among variables of interest. The standard length of the franciscanas (N ¼ 180) was measured in a straight line following method of the American Society of Mammalogy (1961) . Whenever possible, franciscanas were also weighed (N ¼ 116). Teeth (N ¼ 124 individuals) and gonad samples (N ¼ 137) were collected and preserved dry and in formalin 10%, respectively.
Age determination
Age estimates were obtained by counting the growth layer groups (GLGs) in thin, longitudinal sections of teeth. The teeth were decalcified in nitric acid or in RDO (a commercial mixture of acids) and sectioned on a freezing microtome. The 15 -20 mm sections were stained with Mayer's haematoxylin and mounted in microscope slides with Canadian balsam or in glycerin. Poor and off-centre sections were discarded in favour of new preparations. Three independent readers counted the number of growth layer groups in the dentine and cementum. Whenever counts differed among readers, the sections were reexamined and the best counting was determined on a consensus basis. One GLG was assumed to represent one year of age (Pinedo & Hohn, 2000) .
Reproductive status
Male sexual maturity status was determined after histological analysis of the testes according to Hohn et al. (1985) as follows: (i) immature-seminiferous tubules containing mainly spermatogonias. Abundant interstitial tissue between the seminiferous tubules and lumen totally closed; (ii) pubertal-seminiferous tubules containing spermatogonias and spermatocytes. Less interstitial tissue present between the seminiferous tubules than in immature animals. The lumen is partially opened; and (iii) mature-seminiferous tubules containing spermatogonias, spermatocytes, spermatids and, in many times, spermatozoa. Interstitial tissue is almost non-existent between the seminiferous tubules. The lumen is totally opened.
The determination of female reproductive status followed the criteria recommended by the International Whaling Commission (Perrin & Donovan, 1984) after the macroscopic and histological analysis of the ovaries, uterus and mammary glands. Females with no corpora lutea (CL) or albicantia (CA) in the ovaries were classified as sexually immature. Females with at least one CL or CA in one ovary, denoting a past ovulation, were classified as sexually mature. Females were considered lactating if milk was detected in the mammary glands. The presence of a foetus in the uterus was used as criterion of pregnancy.
In order to increase the sample size of animals with known reproductive status for the habitat use analysis, dolphins for which the gonads could not be collected had their reproductive status determined indirectly based on the average age and length at sexual maturity and their upper and lower limits for females (Danilewicz, 2003) and males (Danilewicz et al., 2004) . For the females, individuals smaller than 130.0 cm in length or aging 2 years or less were considered sexually immature, whereas any animal larger than 150.0 cm in length or aging 5 years or more was considered sexually mature. Likewise for the males, any individual smaller than 115.0 cm in length or aging up to 1 year was considered immature, whereas animals larger than 135.0 cm in length or aging 5 years or more were considered sexually mature. For both sexes, animals for which the gonads could not be collected and which were within these upper and lower limits were not included in the analysis.
Habitat use analysis
The water depth of each incidentally caught franciscana was determined with an echobathymeter, otherwise estimated with the assistance of a nautical chart in cases where franciscanas were caught by boats not having an echobathymeter.
Although floating gillnets are utilized in the study area, the great majority of the franciscana incidental catches occurred in fixed bottom-set gillnets. In this manner, the water depths reported in this paper reflect accurately the depths used by the dolphins.
On some occasions, the water depth of incidental catches was not accurately recorded rather it was allocated to bin intervals of 5 m. In such cases, the depth was arbitrarily considered as the mid-point of that interval. For example, when the recorded depth was within the 20-25 m interval, the depth of 22.5 m was considered in the analysis.
The stratification of Rio Grande do Sul in southern and northern coasts was based in the fishing grounds of vessels operating from Rio Grande and Tramandaí/Imbé, respectively. The Rio Grande commercial fleet operates mainly from the lighthouse of Sarita (32838 0 S) to the lighthouse of Mostardas (31813 0 S) (Secchi et al., 1997a) , whereas vessels from Tramandaí operate mainly around Solidão lighthouse (30841 0 S 50830 0 W) and Capão da Canoa (29844 0 S 50800 0 W) (Moreno et al., 1997; Ott, 1998) (Figure 1) .
The sex-ratio for each stratum was calculated as:
where r is the ratio of males to females in the sample, m is the number of males and f is the number of females. Since information concerning the fishery effort by depth in Rio Grande do Sul was not incorporated in the present analyses, conclusions about habitat preference within a group (e.g. sex and reproductive status) could not be carried out. However, comparisons between groups (e.g. males versus females; mature versus immature animals) in a same area are permitted.
Differences in the mean water depth between gender and reproductive status were tested using Student's t-test or Mann -Whitney rank sum test. Age and size-related spatial segregation according to water depth was tested by fitting a linear regression and verifying whether the resulting slope b was different or equal to 0. Differences between observed and expected sex-ratio were examined with Chi-squared goodness-of-fit tests. A level of significance a ¼ 0.05 was considered for all tests.
R E S U L T S
Information on the depth of franciscana by-catch location off Rio Grande do Sul state coast allowed us to analyse the depth-related distribution pattern according to dolphin's age, length, gender and reproductive status.
Sex-ratio
The sex-ratio calculated for franciscanas incidentally caught on the northern and southern coast of Rio Grande do Sul is presented in Table 1 . The observed sex-ratio of foetuses did not differ from the expected 1:1. On the northern coast, the sex-ratio was biased towards males in all length intervals (Figure 2) .
On the southern coast, the proportions of sexually mature females and males were 37.5% and 42.1%, respectively. On the northern coast, the proportion was quite similar for mature females (36.6%) (x 2 ¼ 0.82, 0.25 , P , 0.50), but significantly smaller (11.9%) for mature males (x 2 ¼ 37.42, P , 0.001).
Operational sex-ratio 1 of franciscanas bycaught in the southern area (1.16 mature male for each mature female) did not differ from unity (x 2 ¼ 0.46, P ¼ 0.50, N ¼ 78). In the northern area, operational sex-ratio was biased towards females (2.3 mature females to each mature male), although this ratio was not significantly different from unity due to the small sample size of mature animals (x 2 ¼ 1.60, 0.10 , P , 0.25, N ¼ 10).
Water depth and gender
There was no significant difference between the mean depth where males (mean ¼ 21.7 m) and females (mean ¼ 21.1 m) (t ¼ 0.61, df ¼ 134, P ¼ 0.55) were caught. Depth of the by-catch locations ranged from 6 to 35 m for males and from 10 to 35 m for females. Similarly, when data were analysed by region, no differences were found in the mean depth of by-catch between males (mean ¼ 23.0 m) and females (mean ¼ 20.9 m) from the southern area (t ¼ 1.61, df ¼ 78, P ¼ 0.11), and between males (mean ¼ 18.1 m) and females (mean ¼ 21.7 m) from the northern area (t ¼ 1.9, df ¼ 26, P ¼ 0.07). Depth-related sex-ratio did not differ from 1 (Table 2) .
Water depth and age
The slope of the linear regression to test correlation between age of males and water depth of by-catch is not significant (b ¼ 0.087, P ¼ 0.85, IC 95% ¼ -0.85-1.02) (Figure 3) . The slope was significantly negative for females (b ¼ -0.83, P ¼ 0.044, IC 95% ¼ -1.63--0.023) (Figure 4) . However, this trend was clearly produced due to the influence of the low depth of by-catch of the two oldest animals: 10 and 11 year old females bycaught in water depths of 14 and 12 m, respectively. After excluding these two animals, no significant trend was detected (b ¼ -0.56, P ¼ 0.31, IC 95% ¼ -1.66 -0.53). Water depth and standard length
The slope of the linear regression to test correlation between water depth and franciscana standard length was not signifi- 
Water depth and reproductive status
In order to test whether or not pregnancy influenced distribution of females, we compared the depth at the location of by-catch of pregnant (mean ¼ 19.2 m, N ¼ 10) and nonpregnant mature females (mean ¼ 21.5 m, N ¼ 8). Difference in water depth of the by-catch between these two groups was non-significant (t ¼ -0.84, df ¼ 12, P ¼ 0.41).
In addition, to investigate the influence of the stage of the gestation in the habitat use, we studied the relationship between foetus length and depth and again no significant difference in the slope of the linear regression between these variables was found (b ¼ 0.031, P ¼ 0.73, CI 95% ¼ -0.17 -0.23, r 2 ¼ 0.015).
Distribution of franciscanas of different reproductive status does not change according to water depth. In the southern area, depth of occurrence of immature (mean ¼ 25.1 m) and mature males (mean ¼ 24.6 m) is not significantly different (t ¼ 0.38, df ¼ 52, P ¼ 0.70). Similarly, no significant difference was found in the mean water depth of by-catch between immature (mean ¼ 22.8 m) and mature females (mean ¼ 20.7 m) (t ¼ 0.85, df ¼ 52, P ¼ 0.40).
Water depth of the by-catch was recorded only for six lactating females. In order to increase sample size and allow for a comparison with non-lactating mature females, we assumed that by-catch location of six calves presumably still suckling, according to their small lengths (less than 95.0 cm; see Brownell, 1984) , represents the distribution of their mothers. A significant difference was detected for the mean depth of by-catch between lactating (mean ¼ 25.0 m) and non-lactating females (mean ¼ 18.8 m) (t ¼ 2.84, df ¼ 22, P ¼ 0.0095).
D I S C U S S I O N
This study suggests that there is no reproductive status, gender, or age-related segregation of franciscanas according to water depth off Rio Grande do Sul. Individuals of all sizes and ages utilize nearly the entire depth-range of the surveyed area, indicating that franciscana occurrence in deeper waters is not limited by body size or age. In Uruguay, despite changes in the fishing grounds from the 1969-1975 period (concentrated in water depths ranging from 20 to 30 m) to the 1980-1982 period (concentrated in water depths of 6 to 15 m) no difference in the age-frequency of bycaught animals was also observed between the two periods Pinedo, 1994) .
In a previous study in Rio Grande do Sul, based on a smaller sample, Secchi et al. (1997b) found differences in the mean depth of by-catch between males (31 m) and females (22 m). Rosas et al. (2002) also suggested that a certain degree of spatial segregation may exist for the franciscanas in Paraná/southern São Paulo, where the immature utilize shallower waters than adult individuals. However, conclusions from both studies are based on limited sample sizes from by-catches (N , 50) and the results should be viewed with some caution. It is important to note that the same data used by Secchi et al. (1997b) were incorporated in the present analysis. The franciscana lives in small groups, usually 1 -6 animals (Crespo et al., 1998; Bordino et al., 1999) , and preys mainly upon coastal demersal fish and squids (Bassoi, 1997; Rodríguez et al., 2002) . The species inhabits a moderately narrow strip of coast in the south-western Atlantic. This strip initiates in very coastal waters, just beyond the surf zone, as documented by some incidental catches and a recent aerial survey (Danilewicz, unpublished data) . However, the offshore limit of the franciscana distribution strip is not well defined. The maximum bottom depth of by-catch of a franciscana in this study is 35 m. Nevertheless, this result is influenced by the fishery effort and must not be seen as the isobath limit for the species. At least in Rio Grande do Sul, some records in waters up to 55-60 m deep have been made (Danilewicz, personal observation) , though the density in these areas is likely to be very low.
It has been documented that franciscanas move inshore in spring and summer for feeding, mating and calving in Anegada Bay, Argentina (Bordino et al., 1999) . The authors related the use of the bay's coastal waters by calves and adults during the reproductive period to the protection from predation in a food-rich habitat. In our study site-a distinct open ocean habitat without major tide influence-we were not able to corroborate the same findings. Also, pregnant females do not seem to change their habitat related to bottom depth as a response to the progress of gestation.
Shallow waters have been considered as a synonym of a protective environment for cetaceans. This proposition is usually based on the consideration that encounters with predators are less frequent in these areas. The use of coastal and shallow habitats by odontocetes as a strategy to avoid encounters with predatory sharks has been proposed for Hawaiian spinner dolphins, Stenella longirostris (Norris & Dohl, 1980) and bottlenose dolphins, Tursiops truncatus (Wells et al., 1987) . Mann et al. (2000) have found higher calf survivorship in female bottlenose dolphins that raised their calves in shallow waters. Nevertheless, the relationship between water depth and shark predation risk is not completely understood and may be complex and highly variable geographically (Heithaus, 2001) . In a comprehensive study on habitat use of bottlenose dolphins in Shark Bay, Australia, Heithaus & Dill (2002) demonstrated a trade-off between energy intake and predation risk. In that region, habitat characteristics and shark density turn shallow waters into a relatively more risky ambient in some periods of the year, with the dolphins selecting deeper waters to rest.
Moreover, depending on the shark species predation behaviour, coastal turbid waters may represent a more dangerous habitat than translucent pelagic waters. Excessively shallow waters may impose limitations on the echolocation effectiveness and on the dolphin escaping. Franciscanas are predated both by sharks and killer whales (Praderi, 1985; Ott & Danilewicz, 1998; Santos & Netto, 2005) . Regarding the two shark species known to predate on franciscanas (Praderi, 1985) , the sevengill shark, Notorhynchus cepedianus, prefer turbid waters while the tiger shark, Galeocerdo cuvieri, camouflage efficiently against dark backgrounds. In this manner, the turbid coastal waters of Rio Grande do Sul and Uruguay may not be so advantageous for franciscana female -calf pairs in terms of predation avoidance in order to make them restrict their activities exclusively to this habitat.
On many occasions, segregation may be revealed not only by the differential use of space, but also by differences in the diet (Bowyer, 2004) . The franciscana diet has been studied in many areas with no evidence for significant differences between sexes and age-classes, with the exception of shrimps that are important only in the diet of juvenile dolphins Ott, 1994; Bassoi, 1997; Rodriguez et al., 2002) .
It is fundamental to be aware that the detection of sexual segregation is dependent on scale (Bowyer, 2004) . Although our results reveal that in a large scale, franciscanas of different ages, sizes, gender and reproductive classes (for females) are homogeneously distributed according to water depth, the sexratio comparison between areas suggests that sexual segregation may occur on a smaller scale. Franciscanas are born in 1:1 sex-ratio (Brownell, 1984; Danilewicz, 2003) . However, some study sites present remarkable exceptions. In the coast of Necochea and Claromecó, northern Argentina, Corcuera et al. (1994) recorded a sex-ratio deviated towards males (1.61 males for each female). In São Paulo, southeastern Brazil, a higher sex-ratio towards males (1.73) has been recorded (C. Bertozzi, personal communication).
The sex-ratio towards males for the franciscanas from the northern coast of Rio Grande do Sul may be effectively reflecting the real structure of the population in a small area or being caused artificially by methodological biases. Corcuera et al. (1994) commented that the sex-ratio biased to male franciscanas could be attributed to a greater difficulty of manipulation of the largest dolphins by the fishermen. The authors argued that on occasions when the researchers are not onboard, the fishermen could discard the larger animals and collect preferentially the smaller ones. Since the franciscana presents reversed sexual size dimorphism (RSSD) (i.e. females larger than males), this could cause an artificial increase in the number of males collected. Nevertheless, this hypothesis is rejected since the sex-ratio in the northern coast fishery ground is directed towards males even for juveniles, when the RSSD is low or even non-existent. Consequently, the sexratio deviated towards males on the northern coast may in fact reflect differences in the distribution patterns of males and females in Rio Grande do Sul.
Franciscana by-catch in Rio Grande do Sul is not sustainable (Kinas, 2002; Secchi et al., 2003a) . It is agreed that management procedures in the fishery certainly need to be taken in the next few years. The information on the distribution of a particular species and the location of interactions with fisheries are necessary in making management decisions leading to the implementation of regulations. One possible management action for the franciscana problem could be the restriction of certain fishery grounds through the creation of a marine protected area. The results of the present study indicate that the available data do not allow the designing of a protected area in order to minimize the by-catches of a particular sex/reproductive class of franciscana (e.g. mature or pregnant females).
This study is a first attempt to shed some light on the habitat use patterns of this elusive dolphin in southern Brazil, but important aspects on this subject still remain to be understood. Although a habitat preference by water depth could not be noticed, it is plausible that some segregation or habitat preference exists by latitude or season. The achievement of a larger sample and a more accurate set of data (e.g. coordinates of the by-catch locality) jointly with refined information on the fishery effort in future analyses will improve our knowledge on the habitat use of franciscana dolphins.
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